In the surface-stabilized antiferroelectric liquid crystal (SSAFLC) geometry the smectic layers of a SmC a * liquid crystal are perpendicular to the cell glass plates and the helical superstructure, intrinsic of a bulk sample, is suppressed by surface action. Ideally this leaves us with a structure where the long axes of the molecules tilt away + and -θ from the smectic layer normal in adjacent layers (anticlinic order) and the director n is everywhere confined to the plane of the cell, cf. The SSAFLC structure is generally optically biaxial with the two optic axes lying in a plane perpendicular to the cell plane giving an effective optic axis (the projection of the optic axes onto the cell plane) along the smectic layer normal. In the AFLCD panel the cell is placed between crossed polarizers with the smectic layer normal parallel to the polarizer axis. Hence, for E=0 we get a dark state. If we apply a sufficiently high electric field ±E between the glass plates we may switch the antiferroelectric liquid crystal into its two synclinic ferroelectric states with optic axis along n and tilted away the angle ±θ from the polarizer axis, depending on the sign of E. This gives a bright state and the transmission is independent of the sign of E. As a result antiferroelectric liquid crystals show a tri-state electro-optic switching behavior characterized by a double hysteresis loop. The switching from antiferro-(AF) to ferrostates (F) occurs in finger-like domains of F growing in a direction along the smectic layers. By applying a holding voltage and adjusting the drive signal the relative area of bright F and dark AF can be controlled and a grey scale is achieved. However, it has turned out to be impossible to get a homogeneous bookshelf alignment of AFLCs: the smectic layers are in reality not straight but the layer normal (the effective optic axis) is subjected to considerable small-scale fluctuations in the plane of the cell. This produces severe light leakage for E=0 and the resulting contrast of the display is relatively low. Under addressing conditions subthreshold pulses also induce a deviation in the optic axis (pretransitional effect), which further enhances the light leakage. In this paper we present a solution of the dark state problem in AFLCDs without having to solve the complicated alignment problem. The rather simple but elegant solution is to use an antiferroelectric material with substantially 45° tilt angle, which is about 10 to 15 degrees higher than for conventional antiferroelectric materials. In order to understand this we have to briefly study the optical properties of surface-stabilized AFLCs. A more detailed description of the calculations is given elsewhere [1] . The dielectric tensor ε(θ) for the structure of Fig. 
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(We can do this since the periodicity of the anticlinic structure which corresponds to two smectic layers is much smaller than the wavelength of light). Correspondingly, we get ε -θ by replacing θ by -θ. The effective dielectric tensor is then ε(θ) = ). This tensor is uniaxial and always oblate at optical frequencies, hence, we have a negatively birefringent material. We have produced such an AFLC material, thus the first smectic LC with negative birefringence. Moreover, it has the optic axis perpendicular to the layer normal and perpendicular to the glass plates.
The striking consequence of this is that normal incident light will always travel along the optic axis -thus giving a perfect dark state between crossed polarizers, independent of imperfections in layer alignment. This is illustrated in Figure 2 and compared with the corresponding situation in conventional materials. As another illustration we have calculated the transmission between crossed polarizers for different values of smectic tilt θ and the rotation angle Ψ between the smectic layer normal and the polarizer axis. The transmission is zero for all angles Ψ when θ equals 45° and it is essentially zero for θ being in the range 42° to 48°, as shown in Fig. 3 .
The introduction of 45° materials in antiferroelectric liquid crystal displays thus provides a solution of the dark state problem, which puts very little constraints on the alignment quality. Figure 4 shows microphotographs of two cells with a surface-stabilized 45° material, W107 [1] . The cell in the upper row has a fairly homogeneous bookshelf alignment while the cell in the lower row has a random bookshelf orientation. Both cells give a very good dark state at E=0 (left). When increasing the field amplitude (middle) the ferroelectric stripe domains are induced and for high enough fields (right) the whole sample is in the synclinic ferroelectric state. Now the aligned sample is bright, whereas the unaligned sample has domains with different orientations of the in-plane optic axis. In conclusion, the degree of homogeneity of the bookshelf structure is important only for the brightness of the display, not for the dark state. However, the conventional alignment technique is by far sufficient for the bright state. In the case θ = 45°, not only the bright state has maximum achievable transmission but also minimum sensitivity to fluctuations in smectic layer normal.
Reflective mode AFLCDs
The unique optical properties of 45° AFLCs makes them very suitable for reflective mode displays in which the device is actively illuminated from the viewing direction or passively illuminated by ambient light. The latter is an attractive option when considering low power consumption applications such as mobile phones, electronic books, and other portable display devices. We will discuss two types of device, which we call normally white mode and normally black mode. The normally white mode utilizes only one polarizer whereas the normally black mode utilizes one polarizer and an optical retardation film. In both modes the cell thickness is tuned to give a quarter-wave plate in the field-induced ferroelectric states. 
Normally white mode
This mode is uniquely possible with 45° AFLC materials but puts more constraints than the normally black mode on the homogeneity of the bookshelf alignment, as will be described later. The AFLC cell is aligned with the smectic layer normal along the polarizer axis. At E=0 incident light is transmitted through the AFLC layer unchanged, is reflected by the mirror, travels back through the cell and escapes through the polarizer giving a bright state. In the two ferroelectric states the light transforms into circular light by the LC, is reflected with a change of handedness at the mirror, transforms to linear but now horizontally polarized light and is absorbed by the polarizer. Thus we have a dark state which is dependent on the quality of alignment.
Normally black mode
In the normally black mode we add a passive lambdaquarter plate between the liquid crystal layer and the mirror. At E=0 the vertically polarized light is transmitted without change through the LC layer, is transformed to circular light by the qarter-wave plate, and is reflected by the mirror.
After the reflection the light is still circularly polarized but now with the opposite handedness. Now the retardation film transforms the light into linear horizontally polarized light which is absorbed by the polarizer. Hence, E=0 corresponds to a dark state. This state is independent of the quality of alignment, just as in transmissive AFLCDs with 45° materials. In the ferroelectric states the incoming light is transformed into circular light by the LC, back to linear by the quarter-plate, reflected without change of polarization by the mirror, transformed into circular light by the retardation film and back to vertical linearly polarized light again, which gives a bright state.
Polarizer-free display modes
Finally we present two polarizer-free AFLCD modes based on field-controlled scattering in 45° materials. The first utilizes a conventional cell geometry whereas the second is a polymer dispersed antiferroelectric liquid crystal. Both these modes have some important advantages compared to other scattering devices such as common PDLCs. Bookshelf cell geometry Consider a random bookshelf structure similar to the one of Figures 4(d) to 4(f) but now used without polarizers. At E=0 all domains are negatively uniaxial with optic axis perpendicular to the glass plates as described earlier. Hence, incident light will not see the domain structure (optically all domains look the same) and will pass through the AFLC layer without being scattered. This also holds for oblique incidence of light since there is perfect matching of effective refractive index between the domains att all angles of incidence. In the field-induced ferroelectric states the optical properties of the AFLC layer is drastically changed. Now each bookshelf domain is essentially uniaxial with its own individual orientation of the optic axis in the plane of the cell. This gives a strong effective mismatch of the effective refractive indices between different adjacent domains and the incident light is scattered by the liquid crystal. In order to get large scattering efficiency in this field-induced opaque state the domains of the random bookshelf structure should be very small, of the order of a few microns. Our experiments show that the scattering efficiency in some cases might be still further increased if we instead of the fully switched states utilize the fieldinduced stripe texture, cf Figure 4( 
Conclusions
45° tilt AFLCs provide a simple solution of the dark state problem in AFLC displays. The reason for this is that a surface-stabilized 45° material is uniaxial with optic axis perpendicular to the glass plates and, hence, gives total extinction independent of smectic layer misalignment. The unique optical properties of 45°AFLCs also makes them attractive for one-polarizer reflective displays and polarizerfree scattering type displays. The latter may be of random bookshelf type or a polymer dispersed AFLC where the polymer matrix is negatively uniaxial and matched to the surface-stabilized AFLC droplets at E=0. This work was supported by TMR-network ORCHIS, and by the Swedish Foundation for Strategic Research.
